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Waldish et al., Genes and Development, 2018



Misfolded Functional
structure

Disordered protein \<

Tompa & Csermely, FASEB 2004



1. Protein “disorderedness” comes from charge distribution
2. Protein-RNA fast and transient interactions are mediated by the charged regions

3. Mechanism evolutionary conserved



EEm positive
B negative

20

40

60

Protein




Fraction of negatively charged residues

g
o

o
©

=
o

o
S

o
N

StpA disordered state

Diagram of states

T
Weak polyampholytes & polyelectrolytes:
Globules & tadpoles

Janus sequences:

Collapsed or expanded - context dependent
Strong polyampholytes: H
Coils, hairpins, & chimeras

Negatively charged strong polyelectrolytes:
Swollen coils

Positively charged strong polyelectrolytes:
Swollen coils
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Fraction of positively charged residues



"P" of observing A at pos i, B at pos j

P;(A, B)
DI =Y Py(A,B)I A
i = 2 FilA B i(A) (B)
) ~—~—

Frequency of A at position i

where ; 3
Pii(A, B) = —csi(AB)Hhi(A)H(B)
Zj

for amino acids (nucleotides) A and B at positions i and ;.
Matrix e is inverse of correlation matrix



The goal is to estimated the correlation matrix without the cross links
What's new:

» Different alphabets (amino acids and nucleotides)

» Different sequence diversity (normalization factor)



From Escherichia coli

134 AA

5749 unique homologues identified with Jackhmmer
7539 different taxons
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14 sub-families

Best match IA2 (e-val 1.7 x 1039)

Download all 633 GB of sequences (whole genome sequences / single read)
InfeRNAL identifies 7542 matches (471 unique)
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» Concatenated every combinations from same taxon
> 10013 unique pairs
» 05aa and 184nt per row after > 50% gap removal
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Only most probable ensemble
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RNA cluster p=0.318
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RNA cluster p=0 RNA cluster p=0.682
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» Compare with Gremlin-H2
» Must implement variable alphabet / frequency

Benchmark with Cyt-18 (1.6TB downloaded and going on)
Find other examples
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Identify other disordered proteins with that charge pattern
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